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Abstract
Objective. To investigate the relationship between blood pressure and medication adherence using electronic pillboxes
(MEMS). Setting. Five general practices in Bristol, UK. Subjects. A total of 239 individuals with a clinical diagnosis of
hypertension and being prescribed at least one blood pressure-lowering medication. Participants were asked to use the
electronic pillbox as their drug bottle for at least one month. Main outcome measures. ‘‘Timing adherence’’ (correct inter-dose
intervals) as measured through MEMS and systolic (SBP) and diastolic (DBP) office blood pressure. Results. Mean
(9SD) timing adherence was 88% (917),�80% in 175 (73%), and less than 50% in 11 (5%) participants. Adherence was
monitored for a mean of 33 (96) days. Mean (9SD) SBP was 147.9919.1 mmHg and DBP 82.3910.1 mmHg. There
was no evidence to suggest that timing adherence was associated with SBP or DBP (overall correlation coefficients �0.01
and �0.02 respectively). According to current guidelines, about one in four of all participants had controlled SBP (only 6%
of diabetic patients). DBP was under control in 66% of the individuals. Conclusions. No relationship between adherence and
blood pressure in patients with hypertension recruited from primary care was found. Average timing adherence measured by
electronic monitors was high (88%) and blood pressure was controlled in a minority of patients. Our findings suggest that in
terms of poor blood pressure control pharmacological non-response to or insufficient intensity of blood pressure-lowering
medication might be more important than poor adherence to antihypertensive drug therapy.
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Blood pressure control is crucial to reduce the

incidence of cardiovascular morbidity and mortality

[1]. Although antihypertensive drugs are considered

as powerful tools to reduce elevated blood pressure,

arterial hypertension remains often poorly controlled

[2]. Poor adherence to medication might be one

explanation for unsatisfactory blood pressure control

[3]. To date, there is little evidence as to whether

adequate medication taking is directly related to

achieved blood pressure. Studies using more impre-

cise methods such as serum assays [4], self-report

[5], or pharmacy records [6] showed a positive

correlation between adherence rates and blood

pressure control. However, results from the few

studies in which adherence to antihypertensive

therapy was assessed by electronic monitors showed

no convincing evidence of an association between

medication taking and blood pressure control [7�9].

This study aimed to investigate the relationship

between blood pressure and medikation taking using

the ‘‘gold standard’’ for measuring adherence (elec-

tronic pillboxes, MEMS).

Material and methods

Subjects

Individuals were recruited prospectively from five

general practices in Bristol, UK. The study was

approved by the local Research Ethics Committee.

Written informed consent was obtained from all

participants.

During a three-month period, 374 patients attend-

ing their general practices with the clinical diagnosis

of hypertension [10,11] and being prescribed at

least one blood pressure-lowering medication were
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identified using the GP’s medical record system

EMIS†. Forty-three (11.5%) patients were excluded

because of severe cognitive impairment, known

secondary cause of hypertension, use of a dose

organizer, or other reasons given by the treating

GP. Of the remaining 331 potentially eligible

patients, 92 declined to take part in the study (no

consent, too confusing to use electronic pill box,

not attending their consultation). Eventually, 239

subjects agreed to participate.

Measuring adherence

Adherence was assessed by electronic pillboxes

(Medical Event Monitoring System, MEMS, AAR-

DEX, Ltd, Zug, Switzerland, http://www.aardex.ch).

The electronic monitor consists of a container

similar to traditional drug bottles and a larger lid,

which holds a microchip and a pressure-release

system. The monitor stores the exact time and date

of each opening sequence and summary data can

be downloaded onto a personal computer. Patients

were asked to put a month’s supply of one anti-

hypertensive agent into the monitor. For cost and

feasibility reasons, MEMS was used for only one

antihypertensive drug per person. More commonly

prescribed drugs (diuretics and beta-blockers) and

medication with fewer daily doses were preferred.

Outcome measures

The first principal outcome was adherence measured

by MEMS. Adherence was defined on the basis of

‘‘timing adherence’’, the strictest definition for

medication taking, which is the number of doses

taken at 2496 h for a once-daily regimen or 1293 h

for a twice-daily regimen, divided by the total

number of days and multiplied by 100%. Patients

were informed that their adherence would be mon-

itored.

The second principal outcome was controlled

systolic (SBP) and diastolic (DBP) blood pressure

(B140 mmHg andB90 mmHg in non-diabetic

patients,B130 mmHg andB80 mmHg in diabetics)

[10,11]. Blood pressure was measured by an auto-

matic inflation blood pressure monitor (Omron†

Healthcare Inc., Bannockburn, Illinois) by the

practice nurse, who was instructed to apply the

British Hypertension Society Guidelines [11].

Statistical analyses

Means and standard deviations (SDs) were calcu-

lated for each continuous measure, with unpaired t-

tests used for differences between groups. Pearson’s

correlation coefficients (r) were calculated and

scatter plots constructed to investigate the relation-

ship between adherence and blood pressure. All

analyses were performed using Stata†.

Results

Baseline characteristics of the study population are

given in Table I. Two-thirds of participants were

retired, 9 out of 10 were of Caucasian origin, and

half had suffered from hypertension for more than

five years. Participants were being prescribed a mean

of 1.9 antihypertensive substances and they had been

on this regimen for 6.5 months. Diuretics were the

most frequently dispensed drug group from the

pillboxes (41.4%), followed by beta blockers

(20.1%), ACE inhibitors (19.3%), calcium channel

blockers (12.1%), and others (7.1%). Three-quar-

ters of participants took one (37.7%) or two (38.1%)

antihypertensive medication(s). The vast majority of

patients were on a once-daily regimen (96.7%).

Adherence was monitored on a mean (9SD) of 33

(96) days and a majority of participants returned

administered pillboxes (90%). There was no differ-

ence between baseline systolic or diastolic blood

pressure in patients who returned (n�216) or did

not return (n�23) MEMS devices (respectively,

Table I. Baseline characteristics of the study population (n�216).

Characteristic Description

Mean age (years)9SD 66.7910.3

Gender male, n (%) 125 (52.3)

Mean body mass index (kg /m2)9SD 29.495.9

Non-smokers, n (%) 203 (85)

Diabetes mellitus, n (%) 74 (31)

SBP in all participants 147.9919.1 mmHg

DBP in all participants 82.3910.1 mmHg

SBP in non-diabetics (mean9SD) 148 mmHg919

DBP in non-diabetics (mean9SD) 82 mmHg910

SBP in diabetics (mean9SD) 147 mmHg919

DBP in diabetics (mean9SD) 83 mmHg99

Pillboxes available for analyses, n (%) 216 of 239 (90)

SBP relates to systolic blood pressure, DBP relates to diastolic

blood pressure.

Poor adherence to medication is often

considered as a possible cause for uncontrolled

hypertension.

. No obvious relationship between adherence

to antihypertensive medication and achieved

blood pressure was found.

. Average adherence to antihypertensive med-

ication � measured by electronic monitors �
was high (88%).

. Systolic blood pressure was controlled in a

minority of patients.
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SBP 145 mmHg vs. 148 mmHg, p�0.46; DBP 83

mmHg vs. 82 mmHg, p�0.57).

There was no evidence to suggest that timing

adherence was associated with SBP (r��0.01) or

DBP (r��0.02), with stratification by diabetes

status having no effect on these results. Figure 1a

and 1b show scatter plots of the relationship between

timing adherence and blood pressure. Mean (9SD)

timing adherence in all subjects with available

adherence data (n�216) was 88% (917%). Timing

adherence was�80% in 175 (73%), and only in 11

(5%) patients was timing adherence less than 50%

(Figure 2). To investigate a possible ceiling effect the

correlations were recalculated after omitting the 88

individuals who had 100% timing adherence. No

appreciable differences were found (r��0.02 for

SBP, r��0.01 for DBP).

Adherence rates in diabetic patients were lower

compared with non-diabetic subjects (91% vs. 82%,

p�0.0003), but still over 80% on average. No

relevant difference for adherence rates was found in

diabetic or non-diabetic patients comparing subjects

with controlled and uncontrolled blood pressure

values (data not shown).

SBP (mean9standard deviation) was 147.9919.1

mmHg and DBP 82.3910.1 mmHg. Blood pressure

targets [10,11] were not achieved in nearly one-third

of the non-diabetic study population, and only 6% of

the participants with diabetes had adequate blood

pressure control (Table II). Overall, about one in

four participants had controlled blood pressure

according to currently applied guidelines [10,11].

Discussion

In this study we found no relationship between

adherence to antihypertensive medication and

achieved blood pressure. One in four individuals
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Figure 1. Scatter plots of the relationship between timing

adherence and systolic or diastolic blood pressure. (A) Mean

systolic blood pressure9SD (upper panel) was 147.9919.1

mmHg, (B) mean diastolic blood pressure (lower panel) was

82.3910.1 mmHg.
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Figure 2. Distribution of timing adherence measured by MEMS

in 216 individuals (follow-up rate 90%). Mean adherence in the

whole sample 88%917 (range 6�100). Frequency denotes

number of participants.

Table II. Controlled [10,11] blood pressure in non-diabetic (B140 andB90 mmHg) and diabetic patients (B130 andB80 mmHg).

SBP and DBP controlled SBP controlled DBP controlled

Non-diabetics 48 of 151 (32%) 49 of 151 (32%) 122 of 151 (81%)

Diabetics 4 of 65 (6%) 9 of 65 (14%) 21 of 65 (32%)

Total 52 of 216 (24%) 58 of 216 (27%) 143 of 216 (66%)

SBP�systolic blood pressure; DBP�diastolic blood pressure. MEMS adherence data were available in 216 participants (151 non-diabetic

and 65 diabetic patients).
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had their blood pressure controlled and timing

adherence, the strictest definition of adherence using

electronic monitors, was�80% in nearly three-

quarters of study population during the monitored

period.

From a clinical point of view a correlation between

adherence to medication and decrease in blood

pressure would be plausible. However, no evidence

to support this was found. In fact, our findings

highlight that systolic blood pressure was not under

control despite comparatively high adherence rates.

As a consequence the question may arise whether in

the studied population inadequate blood pressure

control relates rather to non-response to or insuffi-

cient intensity of drug treatment than to poor

adherence. In clinical practice this distinction is

important for successful blood pressure manage-

ment. According to the World Health Organization

the evaluation of non-response to drug therapy also

needs to address physician-related factors, which

may affect the success of a pharmacological therapy

[12]. Indeed, it has been shown in Europe and in the

US that doctors may not be aggressive enough in

their management of hypertension [13,14] and

appear to overestimate their adherence to hyperten-

sive guidelines, particularly with regard to the

proportion of their patients with controlled blood

pressure [15]. This attitude of healthcare providers

has been described as ‘‘clinical inertia’’, that is ‘‘the

failure to initiate or intensify therapy when indi-

cated’’ [16]. In a qualitative study conducted among

general practitioners in Merseyside, UK, GPs were

asked why they do not implement evidence-based

guidelines [17]. They identified several barriers to

the management of hypertension in the elderly, such

as doubts about the applicability of trial data to

particular patients, poor adherence of GPs to

practice protocols for hypertension, ageist attitudes

of some GPs, absence of effective computer systems,

or the absence of an educational mentor.

Insufficiently controlled blood pressure in the

community is common. The latest Health Survey

for England in 2003 demonstrated that 46% of

patients had their blood pressure controlled to less

than 140/90 mmHg. Using the same blood pressure

targets as in the Health Survey [11], in the present

study only about a quarter of participants had their

blood pressure controlled. This is possibly due to the

age distribution (there were substantially more

individuals under the age of 40 in the National

Survey) and proportion of individuals with diabetes

(less diabetics in the National Survey). Similar

results were found in a cross-sectional study from

primary healthcare in southern Sweden [18]. Only

around one-fifth (22.1%) of the patients had blood

pressure readings below recommended levels

(B140/90 mmHg). Consistent with the literature

was the finding that diastolic blood pressure was

better controlled than systolic blood pressure

[18,19].

Our findings are in line with previous reports that

have assessed the relationship between adherence

and blood pressure. A prospective investigation

conducted by our group, of 159 patients from

general practice with uncontrolled hypertension,

found no evidence of an effect of timing adherence

on blood pressure [9]. Three studies compared

adherence (measured by MEMS devices) in sub-

groups of patients categorized according to achieved

blood pressure [20�22]. The studies consistently

showed that adherence in patients who achieved

the target blood pressure was not different from

adherence in patients who did not. In contrast, some

evidence exists that higher adherence rates are

associated with a higher reduction in systolic and/

or diastolic blood pressure or higher percentages of

patients with normalized blood pressure [23,24].

The inconsistency of results is also demonstrated in a

recent systematic review in which the authors con-

cluded that there was no convincing evidence of poor

adherence resulting in inadequate blood pressure

[8]. To give an appropriate explanation for the

variation of results of adherence studies is difficult.

One may speculate that, first, the lack of agreement

in definitions of adherence is a serious constraint. If

studies are performed using the gold standard

(electronic monitors) for measuring medication-

taking, different definitions such as taking adherence

(percentage of doses taken as prescribed), correct

dosing (percentage of days on which doses are taken

correctly), or timing adherence (correct inter-dose

intervals) can be applied. For example, correct

dosing better reflects deviations in the dosing history

than taking adherence. Therefore, it is not surprising

that studies using taking adherence as outcome

measure result in higher adherence rates than studies

using the more stringent correct dosing. Second, in

order to compare study results accurately it is

important to realize how the cut-off between satis-

factory and unsatisfactory adherence was defined.

Depending on the cut-off chosen the proportion of

individuals with poor adherence may vary substan-

tially [8]. Third, according to previous studies an

inverse association between dose regimen and ad-

herence rates is probable, that is, mean adherence

rates are higher on a once-daily regimen compared

with a twice-daily regimen [25]. Consequently, when

comparing results of adherence studies it is essential

to understand on which dosing regimens patients’

adherence rates were assessed.

A remarkable finding was the high mean timing

adherence detected (88%). Two studies assessed
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timing adherence by electronic monitors in a similar

primary care population and found comparative

values for timing adherence (73�93%) [9,26]. To

some extent this finding is unexpected and chal-

lenges the common belief that adherence among

patients suffering from chronic disease (such as

hypertension) generally averages around 50%

[12,27]. Adherence to antihypertensive medication

might be better than commonly considered, even if

applying the strictest definition of adherence and

using the accepted gold standard to assess antihy-

pertensive medication-taking.

The present study has limitations. An overriding

problem in measuring adherence is the possibility of

a ‘‘Hawthorne effect’’ � that is, a change in patient

behaviour as a result of being monitored in a study

[28]. This is particularly true when the patient

knows the methods being used to measure adher-

ence, or anticipates negative consequences resulting

from non-adherence. There is, however, some evi-

dence from previous studies that there is no better

adherence in patients who were informed that their

drug intake was being monitored compared with

those unaware of the monitoring [29,30]. Another

possible limitation is the comparatively short mon-

itoring period (mean of 33 days). According to a

recent systematic review, though, average adherence

was not higher in studies with shorter monitoring

periods [8] and the impact of using the MEMS

device on adherence is considered to be short-lived

[31]. In the present study, blood pressure readings

were assessed cross-sectionally before the monitored

period. Large-scale surveys, such as the Health

Survey for England, were also based on a single visit

to collect blood pressure data [32]. There is a

potential for response bias, as patients refusing to

participate were perhaps deterred from taking part

because of the design (monitoring adherence). The

possibility that those patients were less were adher-

ent to medication remains speculative, but this

should be borne in mind when interpreting the

present findings. We also recognize that there will

be many reasons for non-response to antihyperten-

sive medication, including inadequate dose and

inappropriate treatment; for this study we selected

the medication on the basis of an agreed hierarchy

that prioritized commonly used drugs.

In conclusion, our data suggest that in patients

reasonably representing a primary care setting,

pharmacological non-response to blood pressure-

lowering medication might be more important than

non- or unsatisfactory adherence in terms of poor

blood pressure control. To further elucidate the

relationship between adherence and blood pressure,

studies are needed that concentrate on patients who

have been identified by objective measures as being

non-adherent.
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